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Abstract: Functional imaging studies consistently find that emotional stimuli activate the posterior cingulate
cortex, a region that appears to have memory-related functions. However, prior imaging studies have not
controlled for non-emotional stimulus features that might activate this region by engaging memory processes
unrelated to emotion. This study examined whether emotional words activated the posterior cingulate cortex
when these potentially confounding factors were controlled. Sixty-four pleasant and 64 unpleasant words
were matched with neutral words on non-emotional features known to influence memory. Eight subjects
underwent block-designed functional magnetic resonance imaging scans while evaluating the valence of these
words. The posterior cingulate cortex was significantly activated bilaterally during both unpleasant and
pleasant compared to neutral words. The strongest activation peak with both unpleasant and pleasant words
was observed in the left subgenual cingulate cortex. Anteromedial orbital and left inferior and middle frontal
cortices were also activated by both pleasant and unpleasant words. Right amygdala and auditory cortex were
activated only by unpleasant words, while left frontal pole was activated only by pleasant words. The results
show that activation of the posterior cingulate cortex by emotional stimuli cannot be attributed to the
memory-enhancing effects of non-emotional stimulus features. The findings are consistent with the suggestion
that this region may mediate interactions of emotional and memory-related processes. The results also extend
prior findings that evaluating emotional words consistently activates the subgenual cingulate cortex, and
suggest a means of probing this region in patients with mood disorders. Hum. Brain Mapping 18:30—41, 2003.
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INTRODUCTION

A more complete understanding of the neural bases
of emotional influences on memory and cognition
may facilitate new insights into the mechanisms of
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emotional disorders. We previously reported that the
posterior cingulate cortex was strongly and consis-
tently activated during the evaluation of threat-related
words [Maddock and Buonocore, 1997]. A subsequent
meta-analysis of functional imaging studies showed
that the caudal part of the posterior cingulate cortex
was the cortical region most consistently activated by
emotional stimuli compared to nominally matched,
emotionally neutral stimuli [Maddock, 1999]. How-
ever, there is considerable evidence that this region
has functions related to episodic memory [Andreasen
et al., 1995; Grasby et al., 1993; Henson et al., 1999;
Maddock et al., 2001; Valenstein et al., 1987]. These
contrasting observations could be reconciled by the
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hypothesis that the posterior cingulate cortex has a
role in the modulation of memory by emotionally
arousing stimuli [Maddock, 1999; Maddock and
Buonocore, 1997]. Emotion can influence memory in a
variety of ways [Reisberg and Heuer, 1995], but the
most consistent finding is enhanced memory for emo-
tional stimuli or events [Bradley et al., 1992; Cahill and
McGaugh, 1998; Rubin and Friendly, 1986]. However,
non-emotional qualities of stimuli, such as imagery
and familiarity, can also enhance post-study memory
performance, and previous functional imaging studies
of emotional stimuli have not controlled for these
factors. Vogt et al. [2000] have suggested that activa-
tion of the posterior cingulate cortex by emotional
stimuli in functional imaging studies may be due to
the confounding effects of non-emotional influences
on memory. To test this possibility, we created a set of
128 emotional words that were matched with a set of
128 neutral words on all non-emotional qualities
known to affect memory performance. By testing free
recall for these words, we confirmed that the emo-
tional words were consistently better recalled than the
neutral words. Using functional magnetic resonance
imaging (fMRI), we looked for brain regions more
active when subjects evaluated the emotional words
compared to the neutral words. A finding of posterior
cingulate activation would be strong evidence against
the alternative hypothesis that such activation results
from non-emotional influences on memory process-
ing. In addition, behavioral studies have shown that
positively and negatively valenced emotional stimuli
have similar memory-enhancing effects [Bradley et al.,
1992; Doerksen and Shimamura, 2001]. To our knowl-
edge, no prior fMRI or PET study has examined the
brain responses to positively valenced words com-
pared to neutral words. Thus, the current study tested
whether both positively and negatively valenced emo-
tional words activated the posterior cingulate cortex.

Previous studies have reported activation of the
ventral anterior cingulate cortex, including the sub-
genual cortex, in response to emotionally salient
words [Beauregard et al., 1997; Elliott et al., 2000;
Tabert et al., 2001]. The subgenual cingulate cortex is
strongly interconnected with the caudal posterior cin-
gulate cortex [Van Hoesen et al., 1993], and is poten-
tially significant in the pathophysiology of mood dis-
orders. Structural MRI studies have shown significant
volume reduction in this region in patients with famil-
ial mood disorders [Drevets et al., 1997; Hirayasu et
al., 1999], which may result from decreased glial den-
sity [Ongur et al., 1998]. Drevets [2000] has suggested
that the subgenual cingulate cortex has a role in the
regulation of mood states, and that hypofunction of

this region may confer vulnerability to mood disor-
ders in some patients.

The amygdala has been consistently implicated in
emotional processing, and recent evidence from hu-
man studies suggests that it participates in the en-
hancement of both perception of and memory for
emotionally arousing stimuli [Adolphs et al., 1997;
Anderson and Phelps, 2001; Cahill et al., 1995]. Amyg-
dala activation in response to negatively valenced
words has been observed in prior imaging studies
[Isenberg et al., 1999; Strange et al., 2000; Tabert et al.,
2001]. While animal studies demonstrate amygdala
involvement in processing both negatively and posi-
tively valenced stimuli, human studies more often
find evidence for amygdala involvement with nega-
tively than positively valenced stimuli [Adolphs and
Tranel, 2000; Everitt et al., 2000].

We examined the patterns of brain activation in
eight normal subjects, evaluating the valence of un-
pleasant or pleasant emotional words compared to
neutral words matched on factors known to influence
memory performance. Stimulus selection was based
on the ratings of 95 subjects using validated rating
instruments. Enhanced post-study memory for the
emotional compared to neutral words was confirmed
in 16 subjects. The study had three goals: 1) to deter-
mine if emotion-related activation of the posterior cin-
gulate cortex could be demonstrated when non-emo-
tional stimulus features known to influence memory
performance were controlled; 2) to examine the brain
responses during evaluation of both negatively and
positively valenced emotional words; and 3) to deter-
mine if evaluating the valence of emotional compared
to carefully matched neutral words reliably activated
additional brain regions such as the subgenual cingu-
late cortex and the amygdala, which may function
abnormally in emotional disorders.

SUBJECTS AND METHODS

Subjects

Eight right-handed subjects (6 women, 2 men; aged
24-45 years) were recruited by advertisement from
the communities surrounding Davis, California, and
gave informed consent to participate in this study. A
brief medical screening interview was used to exclude
subjects with any psychiatric or neurological illness or
any condition or medication affecting neural or cere-
brovascular function. Handedness was ascertained by
a 17-item questionnaire [Raczkowski and Kalat, 1974].
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TABLE |. Characteristics of the 256 stimulus words’

Word lists Number of
(n = 64 for each) Valence Arousal Imagery Frequency Syllables nouns?®
Unpleasant* 7.4 (0.6) 5.9(0.7) 59(1.2) 1.0 (0.6) 2.5(0.8) 42
Matched neutral 4.9(0.3) 2.6 (0.7) 5.7 (1.6) 1.1 (0.6) 2.3(0.9) 43
Pleasant* 2.5(0.5) 5.3(0.8) 54(1.1) 1.3 (0.6) 25(0.9) 43
Matched neutral 4.9 (0.4) 2.6 (0.8) 5.0 (1.4) 1.3 (0.6) 2.4(0.9) 46

"Values are expressed as mean (SD).

Valence, arousal, and imagery for each word were rated by at least 20 subjects (range = 20 to 75). Valence and Arousal were rated with
the 9-point Self Assessment Maniken scales [Bradley and Lang, 1994], with 9 referring to the most unpleasant or most arousing words.
Imagery was rated on a 9-point Likert scale with 9 referring to words with the most imagery. Frequency is the log of occurrences per million
words [Kucera and Francis, 1967].

2All words are either nouns or adjectives.

*There were no significant differences between the unpleasant or the pleasant words and their matched neutral words on any variables
except valence and arousal. There was no overlap in the valence or arousal ratings of the words on the emotional and neutral word lists.

The unpleasant words had significantly higher arousal ratings than the pleasant words (t = 4.4, df = 126, P < .0001).

Validation of stimuli

Neuroimaging studies using emotional words have
typically compared them with neutral words matched
only for length and frequency of usage. However,
additional features of words may influence neural
processing. Rubin [1980] factor-analyzed 51 properties
of words and identified six underlying factors, repre-
sented by length, imagery, familiarity, emotional va-
lence (pleasant vs. unpleasant), emotional arousal (in-
tensity), and ease of recall (in a free-recall task). Ease
of recall was found to be predicted by three of the
other factors: imagery, frequency, and emotional
arousal [Rubin and Friendly, 1986]. Thus, we created
emotional and neutral word lists that were matched
for imagery and frequency, as well as length and part
of speech, but differed in ratings of emotional valence
and emotional arousal. These latter two independent
factors account for a majority of the variance in how
human subjects describe emotional stimuli [Bradley
and Lang, 1994]. Ninety-five consenting subjects par-
ticipated in rating 340 candidate nouns and adjectives
(80 unpleasant, 80 pleasant, and 180 neutral nouns and
adjectives) obtained from published studies [Rubin
and Friendly, 1986] and our pilot work. Each word
was rated by at least 20 subjects on three dimensions:
emotional valence, emotional arousal, and imagery.
The two emotional dimensions were rated with the
9-point Self Assessment Maniken scales [Bradley and
Lang, 1994]. Imagery was rated with a 9-point Likert
scale derived from Paivio et al. [1968] and validated in
75 consenting subjects rating 48 words from the set of
Paivio et al. [1968] (r = .86). Familiarity of each word
was approximated by the log of the frequency of us-
age [Kucera and Francis, 1967]. Length was quantified

as number of syllables. From these data, we selected
the 64 most unpleasant and most emotionally arous-
ing words and 64 matched neutral words, and the 64
most pleasant and most emotionally arousing words
and 64 matched neutral words (Table I). The words
were then divided into two equivalent lists of 128
words (32 unpleasant, 32 pleasant, and 64 neutral).
Sixteen consenting subjects then made an emotionality
judgment (emotional or neutral) of 128 words from
one of the two lists and their free recall of the words
was tested after a 3-min distracter task. Subjects re-
called significantly more unpleasant and pleasant
words than matched neutral words (4.2 vs. 1.8, t = 3.2,
P <.006;3.5vs.1.8,t = 3.7, P <.002, respectively). The
unpleasant, pleasant, and neutral word sets include
such words as mutilation, disaster, freedom, thrill,
border, and capacity. (The complete list of stimuli is
available upon request.)

Procedures

For Task A (unpleasant and neutral words), subjects
were instructed to make a silent judgment of whether
each word referred to something emotionally unpleas-
ant or emotionally neutral. For Task B (pleasant and
neutral words), subjects were instructed to make a
silent judgment of whether each word referred to
something emotionally pleasant or emotionally neu-
tral. Thus, throughout each scan, subjects maintained
the mental set associated with evaluating the valence
of words. However, the meanings of the words were
emotional only during the unpleasant (or pleasant)
blocks. No stimuli were presented during the first 32
seconds of each scan. Then, alternating blocks of emo-
tional and neutral words were presented through
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headphones via a pneumatic audio system. Each block
included eight words of the same type, presented one
every 2 sec for a block duration of 16 sec. A total of 16
blocks (eight emotional, eight neutral) was presented.
Order within scan (emotional or neutral first) was
balanced across subjects. Six subjects performed Task
A first, and two performed Task B first. Due to this
imbalance in order and the significantly greater
arousal ratings for the unpleasant than the pleasant
words (Table 1), no direct comparisons were made
between pleasant and unpleasant words.

Imaging protocol

Images were obtained with a 1.5 Tesla magnetic
resonance imaging system (Signa Advantage; General
Electric) running OS v. 5.7, with a local gradient coil
insert (Medical Advances, Milwaukee, WI) to provide
higher gradient performance (2 g/cm peak strength,
34 g/cm/msec max. slew rate). For each subject, a
coronal high-resolution Fast Spin Echo sequence was
obtained for anatomical localization. Scan parameters
were: TR, 3100; effective TE, 17 and 136; echo train, 8;
matrix, 256 X 256; FOV, 22 cm; slice thickness, 6 mm;
gap, 2 mm; slice range, posterior 96 mm to anterior 88
mm); 24 slices. Subsequently, a T2*-weighted, gradient-
recalled echo planar imaging (EPI) sequence was
tuned and shimmed for the functional scan. Parame-
ters were: TR, 2000 msec; effective TE, 40 msec; FA, 90°
matrix, 64 X 64; FOV, 22 cm; slice thickness, 6 mm;
slice gap, 2 mm; voxel size, 3.44 by 3.44 by 6 mm); slice
range, posterior 78 mm to anterior 64 mm, 18 slices;
scan time, 288 sec. Activation was detected by the
blood oxygenation level dependent contrast mecha-
nism. Head motion was constrained by foam padding.

Data analysis

A Fourier transform-based algorithm was used for
reconstruction of the functional images and simulta-
neous removal of N/2 ghost artifacts [Buonocore and
Gao, 1997]. Subsequent statistical analyses were per-
formed with Medx software (Sensor Systems, Sterling,
VA). After discarding the first 16 images, each func-
tional scan was checked for motion by a weighted and
thresholded center-of-intensity algorithm. Motion cor-
rection was performed with sinc interpolation for
scans with displacement of 20 to 50% of a voxel width
(0.69 mm to 1.72 mm). Scans would have been rejected
if displacement exceeded 50% of a voxel width. Based
on the signal detection analysis of Skudlarski et al.
[1999], image data were high-pass filtered to remove
oscillations with frequencies less than 35% of the stim-

ulus frequency (0.35 X 0.03125 Hz = 0.01094 Hz). This
procedure removed oscillations with periods > 91 sec.
For each scan, correlation coefficients were calculated
between each voxel time series and a Poisson-con-
volved, boxcar waveform and then converted to Z-
score maps. The number of activated voxels at each
time lag (2—-8 sec) was examined to determine empir-
ically the optimal temporal offset, which was then
applied to all voxels within each scan. The first image
of each scan was spatially transformed onto a T2* EPI
template conforming to the Talairach brain atlas
(SPM95) using sinc interpolation, and resliced to a
final voxel size of 3.4 X 3.4 X 3.4 mm. For each scan,
these transformation parameters were used to spa-
tially normalize the Z-score map. Finally, normalized
Z-score maps for the eight subjects were combined
into a group Z-score map by dividing the sum of the
eight Z-scores by the square root of 8, at each voxel
location (a fixed-effects analysis). Voxels were consid-
ered significantly activated if they met threshold cri-
teria for both peak and extent of activation. Activated
voxels were required to have a Z value = 3.73 (P
= 0.0001) and to be contiguous with = 5 voxels all
having Z = 2.57 (P = 0.005) [Forman et al., 1995].
These criteria were used in a whole-brain analysis to
identify voxels significantly more activated during
emotional than neutral words or during neutral than
emotional words.

RESULTS

All subjects reported no difficulty hearing the words
or judging their valence. Six of the 16 scans had mo-
tion greater than 20% of a voxel width and were
corrected. None had motion greater than 50% of a
voxel width. The optimal temporal offset ranged from
2 to 8 seconds (mean = 3.75 sec).

Table Il and Figure 1 show that the posterior cingu-
late cortex was significantly more activated during the
valence evaluation of unpleasant, emotionally arous-
ing words than emotionally neutral words. The most
statistically significant local maximum of activation
was in the left subgenual anterior cingulate cortex.
Other significantly activated regions included the
anteromedial orbital cortex bilaterally, the right amyg-
dala, right insula, right auditory cortex, left basal fore-
brain, left parahippocampal cortex, and left dorsolat-
eral prefrontal cortices. The locations and Z-scores of
peak activation in these and additional activated re-
gions are shown in Table II.

Table 11l and Figure 2 show that the posterior cin-
gulate cortex was significantly more activated during
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TABLE Il. Significant activations during the evaluation of unpleasant arousing words compared to neutral words*

Number of voxels

Talairach coordinates

of local maximum?
Z score of

Brain regions (BA) in cluster X Y z local maximum
Midline cortical activations
Anterior
L. Subgenual anterior cingulate (24) 31 -7 24 0 6.74
B. Orbital frontal (11, 10) 9 0 55 -14 3.86
Posterior
R. Posterior cingulate (30) 10 14 —38 7 4.92
L. Precentral (4) 7 —4 —34 62 4.33
L. Posterior cingulate (31) 14 -7 =21 38 421
L. mid cingulate (24) -7 -7 41 3.75
L. Posterior cingulate (23) 6 -7 —55 24 3.97
Left hemisphere cortical activations
L. Inferior frontal (45, 47) 35 —55 31 3 5.00
L. Superior frontal (9) 16 =21 55 38 4.73
L. Superior temporal sulcus (21, 22) 22 —48 0 =17 4.65
L. Inferior and middle temporal (20, 21) 23 —58 —24 -14 4.05
L. Middle frontal (9) 6 —-38 24 24 4.02
L. Middle frontal (10) 7 =31 52 3 3.98
Right hemisphere cortical activations
R. Auditory cortex (41, 42) 9 45 -31 17 5.03
R. Planum temporale and insula 15 48 -10 0 4.66
R. Fusiform (20) 6 38 =17 —28 4.37
R. Inferior frontal operculum/Insula 7 34 7 17 3.90
R. Middle temporal (21) 5 48 0 -28 3.83
Subcortical/cerebellar activations
L. Tail of caudate 28 =17 —28 21 5.83
R. Thalamus 7 21 -21 3 5.29
Midline cerebellum 35 0 —48 —24 5.00
L. Thalamus and septum 83 -10 -7 7 4.66
L. Parahippocampal =17 —45 -3 4.28
L. Basal forebrain —10 -3 -7 4.16
R. Caudate 10 3 10 4.12
R. Cerebellum 5 58 —55 —24 4.10
L. Cerebellum 28 —24 —58 =21 4.05
R. Amygdala 11 24 -7 -7 3.82

*Brain regions containing clusters significantly more activated during evaluation of unpleasant words than neutral words. A cluster is
considered activated if it contains = 5 contiguous suprathreshold voxels (voxel threshold = Z = 2.57 (P = 0.005), cluster threshold = P
= 0.001) and contains at least one local maximum voxel for which Z = 3.73 (P = 0.0001). Additional regions with local maxima within the
same cluster are indented following the strongest local maximum for that cluster. L = left, R = right, B = bilateral; BA = Brodmann’s Area

in the region of observed activation.
AHighest local maximum in each region.

the valence evaluation of pleasant, emotionally arous-
ing words than emotionally neutral words. The most
statistically significant local maximum of activation
was again in the left subgenual anterior cingulate
cortex. Other significantly activated regions included
the right anteromedial orbital, right medial frontal,
right dorsal anterior cingulate, the left frontal polar,
left temporal polar, and left dorsolateral prefrontal
cortices. The locations and Z-scores of peak activation

in these and additional activated regions are shown in
Table I1I.

A few brain regions were significantly more acti-
vated during the evaluation of neutral words com-
pared to unpleasant or pleasant words. The right pu-
tamen (local maximum at 28, 3, 3) left insula (local
maximum at —41, —7, 14), and left postcentral cortex
(local maximum at —58, —21, 24) were significantly
more activated during neutral than unpleasant words.
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Figure 1.

Areas of significantly greater activation in midline regions during
the evaluation of unpleasant compared to matched neutral words.
Shown are all significantly activated clusters (defined as a peak P =
0.0001 within a cluster of five voxels with P = 0.005) across three
adjacent sagital slices, centered at X = +3 (R) and X = —3 (L).

The right caudate (local maximum at 10, 21, 10), right
lingual cortex (local maximum at 17, —52, 10), left
brainstem (local maximum at —14, —24, —7) and left
sublenticular region (local maximum at —17, =7, —7)
were significantly more activated during neutral than
pleasant words.

DISCUSSION
Evaluating the valence of both unpleasant and

pleasant words was associated with significant activa-
tion of the posterior cingulate cortex bilaterally when

"!- f i
i

Activations shown include the anteromedial orbital cortex bilat-
erally (*) and the left subgenual (black arrow) and caudal posterior
cingulate (white arrow) cortices. Activated voxels arer superim-
posed on a high-resolution MR image normalized into Talairach
space.

compared to evaluating emotionally neutral words
matched for imagery, frequency of usage, length, and
part of speech. In functional imaging studies of both
verbal and pictorial stimuli, this same caudal region of
the posterior cingulate cortex is the brain area most
consistently activated by emotionally salient com-
pared to nominally matched neutral stimuli [Mad-
dock, 1999]. The posterior cingulate cortex may have a
greater role in emotional processing than had been
assumed previously [Vogt et al., 1992; 2000]. This re-
gion receives strong afferent input from regions with
functions related to emotion and social behavior, in-

if

Figure 2.

Areas of significantly greater activation in midline regions during
the evaluation of pleasant compared to matched neural words.
Shown are all significantly activated clusters (defined as a peak P <
0.0001 within a cluster of five voxels with P = 0.005) on three
adjacent sagital slices, centered at X = +3 (R) and X = —7 (L).
Activations shown include the posterior cingulate cortex bilater-

ally (white arrows) the right anteromedial orbital cortex (*) and
the left subgenual (black arrow) and the left subgenual (black
arrow) and frontal polar (#) cortices. Activated voxels arer su-
perimposed on a high-resolution MR image normalized into Ta-
lairach space.
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TABLE Ill. Significant activations during the evaluation of pleasant arousing words compared to neutral words*

Number of voxels

Talairach coordinates

of local maximum?
Z score of

Brain regions (BA) in cluster X Y z local maximum
Midline Cortical Activations
Anterior
L. Subgenual anterior cingulate (32, 25) 5 -10 24 -10 4.69
R. Orbital frontal (11) 11 7 62 -14 4.43
L. Frontal pole (10) 5 -3 58 10 421
R. Medial frontal (6) 8 3 10 62 4.16
R. Anterior cingulate (32, 24) 13 7 28 28 4.05
Posterior
B. Posterior cingulate (30, 23) 9 -3 —48 7 4.30
B. Posterior cingulate and precuneus (31, 7) 13 0 —38 41 3.81
Left hemisphere activations
L. Middle frontal (46, 9) 15 -34 38 21 4.44
L. Inferior frontal (47, 45) 19 —55 31 -3 4.08
L. Temporal pole (38) 8 -34 10 =21 3.99
L. Middle frontal (8) 8 —48 17 45 3.92
L. Planum temporale 14 —48 —38 17 3.76
Cerebellar/brain stem activations
L. Medial cerebellum 19 -3 —76 =17 4.42
B. Brain stem 81 3 —34 —28 4.07
Periaguaductal region 0 =31 -10 3.90
R. Medial cerebellum 14 14 —62 =21 3.74

*Brain regions containing clusters significantly more activated during evaluation of unpleasant words than neutral words. A cluster is
considered activated if it contains = 5 contiguous suprathreshold voxels (voxel threshold = Z = 2.57 (P = 0.005), cluster threshold = P
= 0.001) and contains at least one local maximum voxel for which Z = 3.73 (P = 0.0001). Additional regions with local maxima within the
same cluster are indented following the strongest local maximum for that cluster. L = left; R = right; B = bilateral; BA = Brodmann’s Area

in the region of observed activation.
@Highest local maximum in each region.

cluding the subgenual anterior cingulate cortex, the
orbital frontal cortex, the dorsolateral prefrontal cortex
(areas 9 and 46), and the superior temporal sulcus
[Allison et al., 2000; Carmichael and Price, 1995; Gold-
man-Rakic et al., 1984; Morris et al., 1999; Musil and
Olsen 1993; Van Hoesen et al., 1993]. Increased activity
in the caudal posterior cingulate cortex has been ob-
served in emotional disorders, including schizophre-
nia [Andreasen et al., 1997; Haznedar et al., 1997] and
major depression [Ho et al., 1996], and has been re-
ported to correlate with severity of anxiety symptoms
in major depression, obsessive—compulsive disorder,
and social phobia [Bench et al., 1992; McGuire et al.,
1994; Perani et al., 1995; Reiman, 1997]. Increased activity
in the posterior cingulate cortex prior to treatment was
significantly correlated with a positive response to sur-
gical (cingulotomy) or medical (fluvoxamine) treatment
for obsessive—compulsive disorder [Rauch et al., 2001].

Anatomical, clinical, and functional imaging studies
indicate the posterior cingulate cortex has an impor-
tant role in memory. It has strong, reciprocal connec-

tions with medial temporal lobe memory structures
and the anterior and lateral thalamic nuclei [Bentovo-
glio et al., 1993; Suzuki and Amaral, 1994]. It is con-
sistently activated during episodic memory retrieval
[Andreasen et al., 1995; Cabeza and Nyberg, 2000;
Grashy et al., 1993; Henson et al., 1999; Maddock et al.,
2001]. It is significantly hypometabolic during the pre-
clinical stage of Alzheimer’s disease [Reiman et al.,
1996], and lesions here are associated with amnesia
[Gainotti et al., 1998; Valenstein et al., 1987].

We previously suggested that activation of the pos-
terior cingulate cortex by emotional stimuli may re-
flect an interaction between emotion and memory,
such as the enhancement of memory for emotional
information [Maddock, 1999; Maddock and Buono-
core, 1997]. However, the possibility that this activa-
tion resulted from the confounding effects of other
memory-enhancing stimulus features had not previ-
ously been excluded. In this study, all known non-
emotional, memory-enhancing stimulus features were
controlled. We conclude that the posterior cingulate
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cortex was activated specifically by the emotionality of
the stimuli in this valence decision task.

Published behavioral studies and our free recall
data show that enhanced memory for emotional stim-
uli is observed with both pleasant and unpleasant
stimuli, indicating that this effect is associated with
the arousal dimension of emotional stimuli and is
independent of valence [Bradley et al., 1992; Doerksen
and Shimamura, 2001; Hamann et al., 1999]. To our
knowledge, no prior fMRI or PET study has compared
the brain responses to pleasant words and matched
neutral words. Our results show that activation of the
posterior cingulate cortex by emotional words, like the
memory-enhancing effects of these stimuli, is associ-
ated with the emotional arousal ratings of the stimuli,
irrespective of valence. Three prior functional imaging
studies have shown that amygdala activity is associ-
ated with enhanced memory for emotional stimuli
[Cahill et al., 1995; Canli et al., 2000; Hamann et al.,
1999]. However, none of these studies included the
posterior cingulate cortical region in their analyses;
thus, they did not permit evaluation of its possible
involvement in the network of brain regions mediat-
ing emotional enhancement of memory. We previ-
ously showed that the extent of posterior cingulate
activation in an fMRI study comparing unpleasant
and neutral words correlated significantly with the
degree of recall advantage for the unpleasant words
across subjects [Maddock and Buonocore, 1997]. How-
ever, a within-subjects design would provide a more
valid test of this relationship. Thus, an event-related
fMRI study targeting this region is needed to test the
hypothesis that posterior cingulate cortex activation is
associated with subsequently enhanced memory for
emotional stimuli.

The most statistically significant local maximum of
activation during evaluation of both unpleasant and
pleasant words was observed in the left subgenual
cingulate cortex (Tables I and II). An examination of
susceptibility artifact in this region showed that the
T2*-weighted signal intensity at the locations of peak
activation for unpleasant and pleasant words was ad-
equate to permit detection of BOLD activation. For 15
of the 16 scans, signal at the peak coordinates = 40%
of the whole brain average. Mean signal values at the
peak coordinates were 89% (SD 16%) and 51% (SD
10%) of whole brain averages, respectively, for un-
pleasant and pleasant words. Along with the results of
earlier studies, our findings indicate that evaluating
the affective meanings of emotional words is consis-
tently associated with activation of the subgenual cin-
gulate cortex in normal subjects. We found four prior
functional imaging studies in which subjects attended

to the affective meanings of emotional words. Three of
these studies reported significant activation of the left
anterior cingulate cortex ventral to the corpus callo-
sum [Beauregard et al., 1997; Elliott et al., 2000; Tabert
et al., 2001]. The fourth study used repeated rather
than unique unpleasant words (eight repetitions) and
did not observe subgenual activation [Maddock and
Buonocore, 1997]. However, we have recently shown
that repetition of emotional words is associated with
significant habituation of the response in the sub-
genual cingulate cortex [Maddock et al., 2002]. Prior
studies used either unpleasant words or sets of mixed
valence words. This is the first study to show sub-
genual cingulate cortex activation with pleasant
words and suggests that this region activates in re-
sponse to emotionally arousing words irrespective of
valence. In contrast to these results, four studies have
used emotional and neutral words as stimuli in tasks
that directed subjects’ attention away from the emo-
tional meanings of the words (e.g., the emotional
Stroop task) [George et al., 1994; Isenberg et al., 1999;
Strange et al., 2000; Whalen et al., 1998]. None of these
studies observed activation of the subgenual cingulate
cortex, suggesting that perceiving emotional words
reliably activates this region only if attention is not
directed away from their emotional meanings. Studies
using nonverbal, emotional stimuli (facial expressions
or arousing photographs) typically have not observed
subgenual cingulate cortex activation [Lane et al.,
1999; Maddock, 1999; Phillips et al., 1998; Taylor et al.,
2000]. Emotional faces and pictures differ from emo-
tional words by conveying affective meaning directly,
rather than indirectly via language-mediated pro-
cesses. Appreciating emotionality in linguistic stimuli
may involve a greater contribution from the sub-
genual cingulate cortex.

The subgenual cingulate cortex has extensive con-
nections with brainstem and limbic regions involved
in emotional processing including the locus ceruleus,
raphe nuclei, lateral hypothalamus, basal forebrain,
and amygdala. It is also strongly connected with the
posterior cingulate cortex and with cortical regions
more generally recognized as being involved in emo-
tional processing, including the anterodorsal cingulate
cortex, the orbital and insular cortices, and the dorso-
lateral prefrontal cortex [Carmichael and Price, 1995;
Drevets, 2000; Drevets et al., 1997]. Brain stimulation
and lesion studies have implicated the subgenual cin-
gulate cortex in the regulation of emotional, visceral,
and neuroendocrine responses to emotionally salient
stimuli [Drevets, 2000; Sullivan and Gratton, 1999].
Both structural and functional imaging studies have
observed abnormalities in this region in patients with
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familial mood disorders. Drevets and colleagues
[1997] demonstrated both decreased cerebral blood
flow and decreased glucose metabolism in this region
in patients with unipolar and bipolar mood disorders.
Significant reductions in gray-matter volume in the
left subgenual region have been observed via MRI in
patients with familial mood disorders [Drevets et al.,
1997; Hirayasu et al., 1999]. A post mortem study of
patients with familial mood disorders reported a sig-
nificant reduction in the number and density of gliain
the subgenual region [Ongur et al., 1998]. Resting
metabolic activity in this region may also be associated
with treatment response in patients with major de-
pression [Mayberg et al., 2000; Wu et al., 1999]. Our
findings suggest that functional imaging during the
evaluation of emotionally salient words may have
value in the assessment of subgenual cingulate func-
tion in patients with emotional disorders.

The anteromedial orbital prefrontal cortex was acti-
vated during the evaluation of both unpleasant and
pleasant words. Activation of this region by both
types of emotional words suggests that it results from
emotional arousal in general and is not a valence-
specific effect. An examination of susceptibility artifact
in this region showed that the T2*-weighted signal
intensity was adequate to permit detection of BOLD
activation. For 15 of the 16 scans, signal at the peak
coordinates = 40% of the whole brain average. Mean
signal values at the peak coordinates were 71% (SD
18%) and 58% (SD 25%) of whole brain average, re-
spectively, for unpleasant and pleasant words. The
location of activation appeared to correspond to the
medial part of Brodmann’s Area 11 (11m). Area 11m
has strong connections with many limbic structures,
including substantial reciprocal connections with the
subgenual cingulate cortex and the basal nucleus of
the amygdala [Carmichael and Price, 1995]. A distin-
guishing feature of area 11m is its unusually strong
connections with the caudal part of the posterior cin-
gulate cortex and with medial temporal lobe and tha-
lamic memory regions [Carmichael and Price, 1995].
Co-activation of area 11m and the caudal posterior
cingulate cortex has often been observed during re-
trieval of emotionally salient autobiographical memo-
ries [Andreasen et al., 1995; Fischer et al., 1996; Mad-
dock et al., 2001]. Activation in this region has also
been associated with enhancement of subsequent
memory for emotional films [Cahill et al., 1996] and
with the retrieval of emotionally salient contextual
information [Maratos et al., 2001]. The connectivity of
this region and its frequent co-activation with the
posterior cingulate cortex suggest that it may be part

of a functional circuit that contributes to some of the
interactions between emotion and memory.

Activation of the infero-lateral region of the left
inferior frontal cortex was associated with evaluating
the emotional meanings of both pleasant and unpleas-
ant words compared to neutral words. Activation in
this same region has previously been observed in re-
sponse to emotionally salient words and names [Beau-
regard et al., 1997; Elliott et al., 2000; Maddock et al.,
2001; Strange et al., 2000]. This activation may repre-
sent greater language-mediated processing evoked by
the emotional words. Activation of BA 9 on the left
middle frontal cortex was also observed in association
with both the pleasant and unpleasant words. Activa-
tion of this region has previously been associated with
working memory and the retrieval of semantic infor-
mation [Cabeza and Nyberg, 2000]. This region has
strong, reciprocal connections with the caudal poste-
rior cingulate cortex [Goldman-Rakic et al., 1984; Mor-
ris et al., 1999] and is connected with area 11m, the
entorhinal and parahippocampal cortices, and the
amygdala [Amaral et al., 1992; Carmichael and Price,
1995; Suzuki and Amaral, 1994]. This activation may
reflect affective and mnemonic processes associated
with representing knowledge about the emotional
meanings of words.

The left frontal pole was activated during the va-
lence evaluation of pleasant words compared to
matched neutral words. Activation in this region was
not observed in the corresponding comparison for
unpleasant words. Lane et al. [1999] reported left fron-
tal polar activation while subjects viewed pleasant,
but not unpleasant pictures, compared to neutral pic-
tures. Shimoda and Robinson [1999] have demon-
strated that patients with stroke damage in proximity
to the left frontal pole are especially vulnerable to
clinical depression during the acute post-stroke pe-
riod. Our finding of left frontal polar activation by
pleasant words is consistent with the proposal of Da-
vidson [1998] that this region may have a role specific
to positively valenced emotional processes.

The right amygdala was activated during the va-
lence evaluation of unpleasant words compared to
matched neutral words. An examination of suscepti-
bility artifact in this region showed that the T2*-
weighted signal intensity was adequate to permit de-
tection of BOLD activation. For all eight scans, signal
at the peak coordinates = 70% of the whole brain
average. Mean signal value at the peak coordinates
was 90% (SD 12%) of the whole brain average. Prior
studies have reported right, left, or bilateral amygdala
activation in response to unpleasant words, but no
consistent pattern of lateralized activation has
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emerged [Isenberg et al., 1999; Strange et al., 2000;
Tabert et al., 2001]. The amygdala appears to have
multiple roles in human affective processing, includ-
ing enhanced perception of and enhanced memory for
emotionally arousing stimuli. While this study does
not isolate specific emotional processes, the pattern of
findings is consistent with amygdala involvement in
the emotional enhancement of both perception and
memory. Co-activation of the amygdala and the audi-
tory cortex by the unpleasant words is consistent with
amygdala involvement in emotional influences on
perceptual processing of these auditory stimuli. Co-
activation of amygdala, parahippocampal cortex, and
posterior cingulate cortex is consistent with amygdala
involvement in emotional influences on memory pro-
cesses. Significant amygdala activation was observed
only with the unpleasant and not with the pleasant
emotional words in this study. This is consistent with
the suggestion that the amygdala responds to both
positive and negative stimuli, but disproportionately
to the latter [Adolphs and Tranel 2000; Everitt et al.,
2000; Hamann et al., 1999]. It is important to note,
however, that the design of this study precludes direct
comparisons between the positive and negative stim-
uli. The unpleasant words had significantly higher
arousal ratings than the pleasant words (Table I), and
were presented before the pleasant words for most
subjects. Significant activations that were observed
only in response to the unpleasant words or the pleas-
ant words may reflect these differences in arousal
and/or order, rather than the difference in valence.

CONCLUSIONS

The results of this study help define the stimulus
conditions associated with emotion-related activation
of the posterior and subgenual regions of the cingulate
cortex, and suggest future studies to further elucidate
the functional significance of these activations. The
primary finding is that judging the valence of emo-
tional words is associated with posterior cingulate
cortex activation even when contrasted to neutral
words that have been matched on all non-emotional
qualities known to influence memory for verbal stim-
uli. We conclude that this activation was due to the
emotional salience of the stimuli and cannot be attrib-
uted to the memory-enhancing effects of non-emo-
tional stimulus features. The findings also show that
posterior cingulate cortex activation is observed with
both positively and negatively valenced emotional
stimuli. Activation of this region is thus not valence
specific, but is associated with emotionally arousing
stimuli in general. Further studies will be necessary to

test the hypothesis that posterior cingulate cortex ac-
tivation is specifically associated with emotion-related
memory enhancement. In addition, the findings con-
firm prior studies showing that evaluating the affec-
tive meanings of emotional words consistently acti-
vates the subgenual cingulate cortex and extends these
observations to include both positively valenced and
negatively valenced words. Functional imaging dur-
ing valence decision tasks with emotional words may
be an effective way to probe the functional integrity of
these cingulate regions in patients with emotional dis-
orders.
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